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Little is known about whether atrial fibrillation is a presentation of coronary disease. There is
a paucity of knowledge about their causal relationship and also the impact of different antith-
rombotic strategies on the subsequent presentation of symptomatic coronary disease.
Methods and Results
We studied 7,526 Chinese patients diagnosed with non-valvular atrial fibrillation and no
documented history of coronary artery disease. The primary endpoint was the new occur-
rence of coronary artery disease—either stable coronary artery disease or acute coronary
syndrome. After a mean follow-up of 3.2±3.5 years (24,071 patient-years), a primary end-
point occurred in 987 patients (13.1%). The overall annual incidence of coronary artery dis-
ease was 4.10%/year. No significant differences in age, sex, and mean CHA2DS2-VASc
score were observed between patients with and without the primary endpoint. When strati-
fied according to the antithrombotic strategies applied for stroke prevention, the annual inci-
dence of coronary artery disease was 5.49%/year, 4.45%/year and 2.16%/year respectively
in those prescribed no antithrombotic therapy, aspirin, and warfarin. Similar trends were
observed in patients with acute coronary syndromes. Diabetes mellitus, smoking history
and renal failure requiring dialysis were predictors for primary endpoint in all antithrombotic
therapies.
Conclusion
In patients with non-valvular atrial fibrillation, there is a modest association with coronary
artery disease. Patients prescribed warfarin had the lowest risk of new onset coronary artery
disease.
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Introduction
Atrial fibrillation (AF) is the most common sustained cardiac arrhythmia encountered in clini-
cal practice with prevalence in the general population of approximately 1%.[1] AF is closely
linked to coronary artery disease (CAD) as they share some common cardiovascular risk fac-
tors, such as advanced age, male gender, hypertension, obesity, and cigarette smoking. In some
studies, CAD has been shown to be highly prevalent in patients with AF, affecting 30.5% to
46.5% of individuals.[2–5] This suggests that AF may be a marker of coronary atherosclerosis.
Nonetheless such prevalence depends largely on the population studied and the criteria used
for diagnosis of CAD, whether it is based on angiographic documentation or on the presence
of ECG abnormalities.[6, 7] Conversely, in some subsets of CAD such as post-myocardial
infarction patients, the risk of AF recurrence is increased.[8] There is paucity of evidence to
explain the causal relationship of AF and CAD despite different postulations of atrial remodel-
ling, ischemia and raised left atrial pressure.[9, 10] Current clinical guidelines do not incorpo-
rate specific recommendations on coronary evaluation in patients with AF.[11] Nonetheless
for those who present with symptoms mimicking angina, very often, testing for ischemia is per-
formed in order to look for underlying CAD as the possible etiology. It has been suggested that
the presence of ST depression during AF, considered to be “positive stress equivalent”, is not
consistently associated with the presence of obstructive CAD on angiography or a positive
ischemic stress test.[7] Moreover, the impact of antithrombotic therapy for stroke prevention
in AF i.e. warfarin or aspirin (as a perceived alternative to warfarin) on the subsequent presen-
tation of CAD in AF patients is largely unknown. In view of the conflicting evidence and pau-
city of conclusive data depicting the relationship between these two common conditions, this
study aims to identify the prevalence of CAD in a large cohort of Chinese patients with AF and
the risk factors that predict new CAD occurrence.
Method
Study Design and Patients
This study is approved by the Institutional Review Board (IRB) of the University of Hong
Kong / Hospital Authority Hong Kong West Cluster. Consent was waived as all the data were
analyzed anonymously. This was an observational study based on a hospital-based AF registry.
[12–16] Between July 1997 and December 2011, 10,195 Chinese patients with a diagnosis of
AF at Queen Mary Hospital, Hong Kong were identified from the computer-based clinical
management system. Informed consent was not obtained from patients given the registry
nature of the study and that was approved by local IRB as stated; nonetheless, all patient rec-
ords/information were rendered anonymous prior to analysis.
The index date was defined as the date of the first occurrence of AF. Patients were excluded
if they had significant valvular heart disease or any degree of mitral stenosis, previously docu-
mented CAD or CAD diagnosed within 14 days of the index date, or incomplete clinical and/
or follow-up data. All hospital admissions, outpatient clinic visits, laboratory results and radio-
logical images have been recorded in the computer-based clinical management system since
1996. Demographic data, cardiovascular risk factors, and medications were recorded at
baseline.
Definitions
Hypertension was defined as resting systolic or diastolic blood pressure140/90 mmHg on
two occasions or prescription of anti-hypertensive drugs. Diabetes mellitus was defined as a
serum fasting glucose7.0mmol/l or prescription of anti-diabetic medication. Significant
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valvular heart disease included mitral stenosis, any valvular lesions requiring surgery, and pre-
vious valvular repair or replacement. Heart failure was defined according to the Framingham
Heart Study.[17] The diagnosis of hyperthyroidism was established in the presence of a serum
free T4 level> 23 pmol/L, and concomitant suppressed TSH level<0.03 pmol/L.[18–22]
Smoking status was recorded as smoker (past and current) or non-smoker. Stroke was defined
as a neurological deficit of sudden onset that persisted for more than 24 hours, and corre-
sponded to a vascular territory in the absence of primary hemorrhage, and that could not be
explained by other causes (trauma, infection, vasculitis).[23–25]
Outcomes
The primary endpoint was hospital admission with new occurrence of CAD during the follow-
up period, further sub-classified according to clinical presentation into (1) stable CAD, or (2)
acute coronary syndrome. Stable CAD was defined as symptoms of angina together with one
of the confirmatory tests including computed tomography coronary angiography demonstrat-
ing coronary stenosis of any degree, presence of ischemia on myocardial perfusion nuclear
scan or magnetic resonance imaging and invasive coronary angiography demonstrating coro-
nary stenosis with or without need for revascularization.[26, 27] Acute coronary syndromes
comprised non-ST segment elevation myocardial infarction, and ST-segment elevation myo-
cardial infarction.[28, 29] Data were retrieved from the medical records and discharge summa-
ries from the territory-wide information network of all public hospitals in Hong Kong.
Statistical Analysis
Continuous and discrete variables are expressed as mean ± standard deviation and percentages,
respectively. Statistical comparison of baseline clinical characteristics was performed using Stu-
dent’s t test or one-way ANOVA as appropriate. Kaplan-Meier survival analyses with the log-
rank test were carried out and Cox proportional hazards regression model was used to calculate
hazard ratios (HRs) of some predictive factors and their 95% confidence interval (CIs) for the
incidence of stroke. Calculations were performed using SPSS software (version 21.0). All tests
were two-sided, and a p-value<0.05 was considered significant.
Results
Of 9,727 patients with non-valvular AF, 1,771 patients with previously diagnosed CAD, and
430 patients with CAD diagnosed within 14 days of the presentation of AF were excluded (Fig
1). The final analysis included 7,526 patients (76.2±13.4 years, female: 56.7%). Table 1 summa-
rizes the clinical characteristics of the study population. There was a high prevalence of hyper-
tension (51.2%), smoker (33.8%), and diabetes mellitus (19%). In addition, 23.3% patients had
a history of ischemic stroke. Only 2.8% had a history of peripheral artery disease. Warfarin
therapy and aspirin therapy was prescribed in only 18.8% and 36.9% of patients respectively.
Coronary artery disease
After a mean follow-up of 3.2±3.5 years (24,071 patient-years), 987 patients had a new occur-
rence of CAD (13.1%). The overall annual incidence of coronary artery disease was 4.10%/year.
There was no significant difference in age, gender, and mean CHA2DS2-VASc score between
patients with and without new occurrence of coronary artery disease (Table 1). Nonetheless
patients with new occurrence coronary artery disease had a higher prevalence of hypertension
(55.0% vs. 50.6%, p<0.01), diabetes mellitus (24.3% vs. 18.2%, p<0.0001), smoking history
(38.2% vs. 33.2%, p<0.01), and renal failure on dialysis (3.3% vs.1.4%, p<0.0001) than those
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without new occurrence of coronary artery disease. Interestingly, patients with new occurrence
of coronary artery disease had a lower prevalence of both prior ischemic stroke (17.9% vs.
24.1%, p<0.0001) and previous intracranial hemorrhage (2.6% vs. 1.2%, p<0.01).
Amongst those with new occurrence of CAD, 759 patients (76.9%) presented with stable
CAD and the remaining 228 patients (23.1%) presented with acute coronary syndrome with
either non-ST elevation myocardial infarction (16.5%) or ST-elevation myocardial infarction
(6.6%)(Fig 2). The annual incidence of stable CAD was 3.15%/year whereas the annual inci-
dence of acute coronary syndrome was 0.95%/year (non-ST elevation myocardial infarction:
0.7%/year and ST-elevation myocardial infarction: 0.27%/year). When stratified according to
antithrombotic therapy, the annual incidence of CAD was 5.49%/year, 4.45%/year and 2.16%/
year in those prescribed no antithrombotic therapy, aspirin therapy, and warfarin therapy
respectively. Similar trends were likewise observed in acute coronary syndromes (1.3%/year in
patients with no antithrombotic therapy, 1.0%/year for aspirin therapy, and 0.5%/year for war-
farin therapy)(Fig 3).
Predictors for new occurrence of coronary artery disease
Table 2 summarizes factors predictive of new occurrence of CAD together with the corre-
sponding HRs based on Cox proportional hazard model and 95% CIs in patients with no
Fig 1. A total of 7,526 Chinese AF patients selected for final analysis.
doi:10.1371/journal.pone.0131479.g001
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antithrombotic therapy, aspirin therapy and warfarin therapy. Across these three antithrombo-
tic strategies, diabetes mellitus, smoking history, and renal failure requiring dialysis were con-
sistently associated with an increased risk of new occurrence of CAD in both univariate and
multivariate analysis. In addition, amongst patients prescribed no therapy and aspirin therapy,
hypertension was likewise associated with an increased risk of new occurrence of CAD; previ-
ous ischemic stroke was paradoxically associated with a lower risk of new occurrence of CAD
in these two groups of patients. In addition, in patients prescribed warfarin, age75 years and
Table 1. Baseline characteristics of the Study Population.
All (n = 7,526) No CAD (n = 6,539) New CAD (n = 987) p-value
Age
Mean age, (years) 76.2±13.4 76.2±13.8 76.0±10.0 0.72
Female, n (%) 3,909 (51.9) 3,398 (52.0) 511 (51.8) 0.91
Hypertension, n (%) 3,850 (51.2) 3,307 (50.6) 543 (55.0) <0.01*
Diabetes mellitus, n (%) 1,427 (19.0) 1,187 (18.2) 240 (24.3) <0.0001*
Smoker, n (%) 2,545 (33.8) 2,168 (33.2) 337 (38.2) <0.01*
Hyperthyroidism, n (%) 535 (7.1) 470 (7.2) 65 (6.6) 0.49
Renal failure on dialysis, n (%) 125 (1.7) 92 (1.4) 33 (3.3) <0.0001*
Heart failure, n (%) 1,442 (19.2) 1,264 (19.3) 178 (18.0) 0.34
Peripheral arterial disease, n (%) 211 (2.8) 184 (2.8) 27 (2.7) 0.89
Ischemic stroke/TIA, n (%) 1,751 (23.3) 1,574 (24.1) 177 (17.9) <0.0001*
Intracranial hemorrhage, n (%) 182 (2.4) 170 (2.6) 12 (1.2) <0.01*
Mean CHA2DS2-VASc score 3.4±1.7 3.4±1.7 3.3±1.6 0.34
Antithrombotic therapy
No therapy, n (%) 3,330 (44.3) 2,896 (44.3) 434 (44.0) 0.01*
Aspirin, n (%) 2,780 (36.9) 2,383 (36.4) 397 (40.2)
Warfarin, n (%) 1,416 (18.8) 1,260 (19.3) 156 (15.8)
*p<0.05.
doi:10.1371/journal.pone.0131479.t001
Fig 2. Proportion of patients presenting with stable CAD and ACS (both NSTEMI and STEMI) amongst
new occurrence of CAD.
doi:10.1371/journal.pone.0131479.g002
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heart failure at baseline were two additional risk factors associated with new onset CAD.
Table 3 summarizes factors predictive of new occurrence of CAD in the whole cohort of AF
patients.
Impact of different antithrombotic therapies on new occurrence of
coronary artery disease
To allow better understanding on the impact of different antithrombotic therapies on the inci-
dence of coronary artery disease in AF patients, baseline characteristics of 3 different groups of
patients, those on aspirin, warfarin and those not on antithrombotic therapy, were compared.
Table 4 shows the difference in baseline characteristics of patients receiving different antith-
rombotic therapies. Of note, patients on warfarin were associated with lowest incidence of
new occurrence of CAD, relatively younger, of male predominance (52.9%), and having higher
incidence of peripheral artery disease and prior ischemic stroke or TIA compared to other 2
groups. The mean CHA2DS2-VASc scores were 3.2±1.6, 3.7±1.7 and 3.3±1.8 for patients
receiving no therapy, aspirin and warfarin respectively.
Discussion
In this study, we described the incidence, time course, and clinical predictors of new occurrence
of CAD in patients who first presented with AF. Our results showed that patients with AF and
no previously documented CAD were at moderate risk of new occurrence of coronary artery
disease with an overall annual incidence of 4.10%. Although the majority of patients with new
occurrence of CAD presented as stable CAD, around a quarter of these CAD patients presented
with acute coronary events. Traditional cardiovascular risk factors such as hypertension, diabe-
tes mellitus, smoking history, and renal failure requiring dialysis predicted the occurrence of
new CAD. Many of these cardiovascular risk factors are also risk factors for AF development.
[30] Owing to this special link between these two common cardiovascular conditions, efforts
have been made to evaluate their pathophysiological mechanism and causal relationship. In
Fig 3. Annual incidence of new occurrence of CADwith different presentations comparing amongst
different antithrombotic therapy for stroke prevention in AF; warfarin is consistently associated with
lowest incidence in all CAD presentations.
doi:10.1371/journal.pone.0131479.g003
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patients with CAD, previous studies have demonstrated that those with transient AF during
myocardial infarction are at higher risk of subsequent recurrence of AF and also higher risk of
ischemic stroke. [8, 31] Nonetheless due to the observational nature of these studies, the best
clinical approach to manage this group of patients remains undecided. Conversely, for patients
with newly diagnosed AF, cross-sectional studies have demonstrated a high prevalence of
CAD, ranging from 30.5% to 46.5%,[2–5] As pointed out earlier though, due to the heterogene-
ity in diagnostic methods for CAD, different populations studied and also the associated back-
ground cardiovascular risk factors, the true correlation between these two conditions may not
be reflected. One study examined a cohort of 2768 patients with AF and mean age of 71 years.
[32] Seventeen percent of these patients developed a first coronary event after a mean follow
up of 6.0 years, giving an annual incidence of 3.1%/year, similar to our reported 4.1%/year. In
that particular study,[32] the majority of coronary ischemic events were due to acute coronary
events or sudden cardiac death occurring within the first year of diagnosis of AF. Only 32% of
men and 19% of women were categorised as having stable CAD.
In our study, stable CAD accounted for the majority (76.9%) of clinical presentations and
the annual incidence was 3.15%/year. When stratified according to antithrombotic therapy for
AF, the annual incidence in patients receiving warfarin was the lowest (2.16%/year). Those pre-
scribed no therapy had the highest incidence (5.49%/year) and aspirin users had an incidence
Table 2. Association between baseline factors and new onset CAD, stratified by different antithrombotic therapies.
Number of new coronary artery disease Univariate Analysis Multivariate Analysis
HR (95% CI) P-value HR (95% CI) P-value
Patients prescribed no antithrombotic therapy (n = 3,330)
Age 75 years 257 1.23 (1.01–1.50) 0.04* 1.13 (0.93–1.38) 0.22
Female 234 0.98 (0.81–1.18) 0.83
Hypertension 218 1.67 (1.38–2.01) <0.0001* 1.47 (1.20–1.80) <0.0001*
Diabetes mellitus 99 1.71 (1.37–2.15) <0.0001* 1.46 (1.15–1.85) <0.0001*
Smoker 179 1.36 (1.13–1.65) 0.001 1.44 (1.20–1.74) <0.0001*
Hyperthyroidism 30 0.68 (0.47–0.99) 0.05* 0.72 (0.50–1.04) 0.08
Renal failure on dialysis 16 2.30 (1.39–3.79) 0.001* 2.03 (1.22–3.38) <0.01*
Heart failure 68 1.50 (1.15–1.94) 0.002 1.30 (1.00–1.69) 0.05
Peripheral arterial disease 6 2.27 (1.01–5.08) 0.05* 1.50 (0.67–3.40) 0.33
Prior ischemic stroke 61 1.11 (0.84–1.45) 0.46
Prior Intracranial hemorrhage 6 0.55 (0.24–1.22) 0.14
Patients prescribed aspirin therapy (n = 2,780)
Age 75 years 236 0.90 (0.74–1.10) 0.31
Female 200 0.85 (0.69–1.03) 0.09 0.93 (0.75–1.51) 0.49
Hypertension 236 1.32 (1.08–1.61) <0.01* 1.26 (1.02–1.56) 0.03*
Diabetes mellitus 103 1.48 (1.18–1.85) 0.001* 1.36 (1.08–1.72) 0.01*
Smoker 145 1.25 (1.02–1.53) 0.03* 1.25 (1.00–1.56) 0.06
Hyperthyroidism 23 0.70 (0.46–1.06) 0.09 0.73 (0.48–1.12) 0.15
Renal failure on dialysis 12 2.01 (1.13–3.58) 0.02* 1.85 (1.04–3.30) 0.04*
Heart failure 76 0.96 (0.75–1.24) 0.74
Peripheral arterial disease 13 1.02 (0.59–1.77) 0.95
Prior ischemic stroke 76 0.73 (0.57–0.94) 0.02* 0.71 (0.55–0.91) <0.01*
Prior Intracranial hemorrhage 4 0.60 (0.22–1.60) 0.31
*p<0.05.
doi:10.1371/journal.pone.0131479.t002
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of 4.45%/year. A similar trend was also observed for patients with AF who subsequently pre-
sented with new acute coronary syndrome. In our cohort, those patients prescribed warfarin as
antithrombotic strategy and to a lesser extent those prescribed aspirin for stroke prevention
appeared to have a lower risk of both stable CAD and acute coronary events.
Of note, across these three antithrombotic management strategies, diabetes mellitus, smok-
ing history, and renal failure requiring dialysis were consistently associated with an increased
Table 3. Associations between baseline factors and new onset coronary artery disease (n = 7,526).
Number of new coronary artery disease Univariate Analysis Multivariate Analysis
HR (95% CI) P-value HR (95% CI) P-value
Age
<75 423 Reference Reference
75 564 1.24 (1.09–1.41) 0.001* 1.09 (0.85–1.24) 0.21
Female 511 1.00 (0.88–1.13) 0.94
Hypertension 543 1.46 (1.29–1.66) <0.0001* 1.39 (1.21–1.59) <0.0001*
Diabetes mellitus 240 1.63 (1.41–1.89) <0.0001* 1.44 (1.24–1.68) <0.0001*
Smoker 377 1.27 (1.11–1.44) <0.0001* 1.32 (1.16–1.50) <0.0001*
Hyperthyroidism 65 0.72 (0.56–0.92) 0.01* 0.74 (0.57–0.95) 0.02*
Renal failure on dialysis 33 2.44 (1.72–3.46) <0.0001* 2.08 (1.46–2.96) <0.0001*
Heart failure 178 1.22 (1.04–1.44) 0.02* 1.13 (0.96–1.34) 0.15
Peripheral arterial disease 27 1.11 (0.76–1.64) 0.57
Prior ischemic stroke 177 0.85 (0.72–1.00) 0.05 0.85 (0.72–1.01) 0.06
Prior Intracranial hemorrhage 12 0.64 (0.36–1.12) 0.12
Antithrombotic therapy
No antithrombotic, n (%) Reference Reference
Aspirin, n (%) 0.89 (0.78–1.02) 0.11 0.84 (0.73–0.96) 0.01*
Warfarin, n (%) 0.44 (0.36–0.52) <0.0001* 0.43 (0.36–0.52) <0.0001*
*p<0.05
doi:10.1371/journal.pone.0131479.t003
Table 4. Baseline characteristics of the patients with no therapy, aspirin, and warfarin.
No therapy (n = 3,300) Aspirin (n = 2,780) Warfarin (n = 1,416) p-value
Age
Mean age, (years) 76.7±13.9 77.7±12.2 71.8±13.3 <0.01*
Female, n (%) 1,769 (53.1) 1,473 (53.0) 667 (47.1) <0.01*
Hypertension, n (%) 1,518 (45.6) 1,609 (57.9) 723 (51.1) <0.01*
Diabetes mellitus, n (%) 556 (16.7) 590 (21.2) 281 (19.8) <0.01*
Smoker, n (%) 1,143 (34.3) 949 (34.1) 453 (32.0) 0.27
Hyperthyroidism, n (%) 231 (6.9) 192 (6.9) 112 (7.9) 0.43
Renal failure on dialysis, n (%) 55 (1.7) 48 (1.7) 22 (1.6) 0.92
Heart failure, n (%) 550 (16.5) 608 (21.9) 284 (20.1) <0.01*
Peripheral arterial disease, n (%) 38 (1.1) 100 (3.6) 73 (5.2) <0.01*
Ischemic stroke/TIA, n (%) 582 (17.5) 768 (27.6) 401 (28.3) <0.01*
Intracranial hemorrhage, n (%) 95 (2.9) 59 (2.1) 28 (2.0) 0.09
Mean CHA2DS2-VASc score 3.2±1.6 3.7±1.7 3.3±1.8 <0.01*
*p<0.05
doi:10.1371/journal.pone.0131479.t004
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risk of new occurrence of CAD. Likewise, hypertension was associated with an increased risk
in those patients not prescribed warfarin. Although it is difficult to draw a conclusion from this
observation that antithrombotic therapy reduced subsequent coronary events—both stable
CAD and acute coronary syndrome, there may be certain treatment implications. To provide
insights on impact of different antithrombotic therapy on incidence of coronary events, base-
line patient characteristics were compared between the three groups. Despite having lowest
new occurrence of CAD among patients on warfarin, they were of similar baseline risk com-
pared with the other two groups, with similar CHA2DS2-VASc score and paradoxically associ-
ated with higher incidence of prior ischemic stroke and peripheral artery disease compared
with patients on aspirin or no therapy. In prior studies comparing aspirin and warfarin as sec-
ondary prevention for subsequent coronary events, warfarin was shown to be of similar efficacy
compared with aspirin.[33, 34] In a randomized trial comparing aspirin and warfarin for pri-
mary prevention of coronary events,[35] it was shown that absolute reductions in all coronary
events due to warfarin or aspirin were 2.6 and 2.3 per 1000 person years respectively. This dem-
onstrates the efficacy of warfarin in reducing subsequent coronary events, which possibly
explain the lower incidence of symptomatic CAD presentation for those taking warfarin, as
well as aspirin compared with no therapy.
Current clinical guidelines recommend antithrombotic therapy in patients with AF when
CHA2DS2-VASc1.[11, 36] From this study, common risk factors such as diabetes mellitus
and hypertension, components of CHA2DS2-VASc scoring 1 mark, were associated with
increased risk of new occurrence CAD. The presence of either of these risk factors will confer
an increased risk of ischemic stroke and thus indicate the need for antithrombotic therapy.
This study suggested that prescription of antithrombotic therapy in this group of patients will
not only lower the subsequent risk of ischemic stroke,[13] but might also lower the risk of new
occurrence of CAD, both as stable angina and acute coronary syndromes. (Figs 4 and 5).
In view of the perceived association between CAD and AF, patients who present with AF
without angina might still be investigated for possible underlying CAD. It has been demon-
strated that the presence of ST depression during the initial presentation of AF might be associ-
ated with a higher prevalence of CAD and vice versa. A high negative predictive value for CAD
in patients without ST depression on ECG has also been observed.[37] This signifies the cost-
effectiveness of evaluation for CAD only in the presence of ST depression.
With regard to diagnostic tests, in patients with multiple cardiovascular risk factors and
high pre-test probability for CAD, such as those with typical angina, invasive coronary angiog-
raphy is advisable.[26] Alternatively, non-invasive tests can be considered. Coronary computed
tomography angiography (CCTA), thallium myocardial perfusion scintigraphy (MPS) and
dobutamine stress echocardiography have been used to evaluate this particular subset of
patients. It should be noted though that MPS was shown to be of low specificity (58.9%) and
positive predictive value (50%) in one study.[7]
For patients who present with AF and who have multiple cardiovascular risk factors, a more
aggressive workup may allow early detection and thus prompt management of coronary artery
disease. Evidence for the optimal threshold for CAD evaluation and appropriate investigation
(s) of choice are still lacking. In our study, the subsequent event rate for new occurrence of sta-
ble CAD and acute coronary syndromes in patients on antithrombotic therapy with warfarin
were 2.16%/year and 0.5%/year respectively, both of which were low. Whether earlier testing
for CAD followed by standard appropriate therapy for CAD will further improve prognosis is
largely unknown. A large-scale randomized controlled trial in specific subsets of patients with
a high prevalence of cardiovascular risk factors might be warranted in order to determine the
efficacy of routine CAD evaluation.
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Limitations
This study was limited by its registry-based and single-center observational design in primarily
hospital-based patients. AF patients in this cohort might have a different cardiovascular risk
profile to those with AF seen only in an out-patient setting and with no acute symptoms. Data
on cholesterol level at diagnosis of AF and use of a statin as an important part of medical ther-
apy for CAD were also lacking in our current study. Due to the observational nature of our
study, asymptomatic CAD was not routinely screened for and therefore the true incidence of
CAD at diagnosis of AF was not known. In addition, the decision to prescribe no therapy, aspi-
rin and warfarin was based on the attending physician taking into consideration patient’s base-
line clinical characteristics, which might partly explain relatively large proportion of patients
receiving either no antithrombotic or aspirin. Finally, although we controlled the potential
Fig 4. Kaplan-Meier estimates of all incident CAD-free survival in AF patients receiving warfarin,
aspirin and no therapy.
doi:10.1371/journal.pone.0131479.g004
Fig 5. Kaplan-Meier estimates of all ACS-free survival in AF patients receiving warfarin, aspirin and no
therapy.
doi:10.1371/journal.pone.0131479.g005
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confounders using multivariate logistic regression, the use of a case-control design to compare
patients with and without AF may also be appropriate.
Conclusion
In patients with non-valvular atrial fibrillation, there is a modest association with coronary
artery disease with lowest risk of among those who take warfarin. There is a paucity of evidence
to support a routine evaluation for coronary artery disease in patients with newly diagnosed
atrial fibrillation due to the low incidence.
Author Contributions
Conceived and designed the experiments: PHC CWS. Performed the experiments: PHC CWS.
Analyzed the data: PHCWHL CWS. Contributed reagents/materials/analysis tools: PHC
WHL CWS. Wrote the paper: PHCWHL JJH HFT CWS.
References
1. Lau CP, Tse HF, Siu CW, Gbadebo D. Atrial electrical and structural remodeling: implications for racial
differences in atrial fibrillation. Journal of cardiovascular electrophysiology. 2012; 23 Suppl 1:S36–40.
doi: 10.1111/jce.12022 PMID: 23140346.
2. Kralev S, Schneider K, Lang S, Suselbeck T, Borggrefe M. Incidence and severity of coronary artery
disease in patients with atrial fibrillation undergoing first-time coronary angiography. PloS one. 2011; 6
(9):e24964. doi: 10.1371/journal.pone.0024964 PMID: 21957469; PubMed Central PMCID:
PMC3177852.
3. Lip GY, Beevers DG. ABC of atrial fibrillation. History, epidemiology, and importance of atrial fibrillation.
BMJ (Clinical research ed). 1995; 311(7016):1361–3. Epub 1995/11/18. PMID: 7496293; PubMed Cen-
tral PMCID: PMCPmc2551280.
4. Haddad AH, Prchkov VK, Dean DC. Chronic atrial fibrillation and coronary artery disease. Journal of
electrocardiology. 1978; 11(1):67–9. Epub 1978/01/01. PMID: 146058.
5. Hohnloser SH, Crijns HJ, van Eickels M, Gaudin C, Page RL, Torp-Pedersen C, et al. Effect of drone-
darone on cardiovascular events in atrial fibrillation. The New England journal of medicine. 2009; 360
(7):668–78. Epub 2009/02/14. doi: 10.1056/NEJMoa0803778 PMID: 19213680.
6. Nucifora G, Schuijf JD, Tops LF, vanWerkhoven JM, Kajander S, Jukema JW, et al. Prevalence of cor-
onary artery disease assessed by multislice computed tomography coronary angiography in patients
with paroxysmal or persistent atrial fibrillation. Circulation Cardiovascular imaging. 2009; 2(2):100–6.
doi: 10.1161/CIRCIMAGING.108.795328 PMID: 19808575.
7. Androulakis A, Aznaouridis KA, Aggeli CJ, Roussakis GN, Michaelides AP, Kartalis AN, et al. Transient
ST-segment depression during paroxysms of atrial fibrillation in otherwise normal individuals: relation
with underlying coronary artery disease. Journal of the American College of Cardiology. 2007; 50
(19):1909–11. doi: 10.1016/j.jacc.2007.08.005 PMID: 17980260.
8. Siu CW, JimMH, Ho HH, Miu R, Lee SW, Lau CP, et al. Transient atrial fibrillation complicating acute
inferior myocardial infarction: implications for future risk of ischemic stroke. Chest. 2007; 132(1):44–9.
doi: 10.1378/chest.06-2733 PMID: 17400657.
9. Lokshyn S, Mewis C, Kuhlkamp V. Atrial fibrillation in coronary artery disease. International journal of
cardiology. 2000; 72(2):133–6. Epub 2000/01/26. PMID: 10646954.
10. Casaclang-Verzosa G, Gersh BJ, Tsang TS. Structural and functional remodeling of the left atrium: clin-
ical and therapeutic implications for atrial fibrillation. Journal of the American College of Cardiology.
2008; 51(1):1–11. doi: 10.1016/j.jacc.2007.09.026 PMID: 18174029.
11. January CT, Wann LS, Alpert JS, Calkins H, Cigarroa JE, Cleveland JC Jr., et al. 2014 AHA/ACC/HRS
Guideline for the Management of Patients With Atrial Fibrillation: Executive Summary: A Report of the
American College of Cardiology/American Heart Association Task Force on Practice Guidelines and
the Heart Rhythm Society. Journal of the American College of Cardiology. 2014; 64(21):2246–80. doi:
10.1016/j.jacc.2014.03.021 PMID: 24685668.
12. Huang D, Anguo L, YueWS, Yin L, Tse HF, Siu CW. Refinement of ischemic stroke risk in patients with
atrial fibrillation and CHA2 DS2-VASc score of 1. Pacing and clinical electrophysiology: PACE. 2014;
37(11):1442–7. doi: 10.1111/pace.12445 PMID: 25039724.
Coronary Artery Disease in Atrial Fibrillation
PLOS ONE | DOI:10.1371/journal.pone.0131479 June 22, 2015 11 / 13
13. Siu CW, Lip GY, Lam KF, Tse HF. Risk of stroke and intracranial hemorrhage in 9727 Chinese with
atrial fibrillation in Hong Kong. Heart rhythm: the official journal of the Heart Rhythm Society. 2014; 11
(8):1401–8. doi: 10.1016/j.hrthm.2014.04.021 PMID: 24747420.
14. Siu CW, Tse HF. Net clinical benefit of warfarin therapy in elderly Chinese patients with atrial fibrillation.
Circulation Arrhythmia and electrophysiology. 2014; 7(2):300–6. doi: 10.1161/CIRCEP.113.000858
PMID: 24610776.
15. Ho CW, Ho MH, Chan PH, Hai JJ, Cheung E, Yeung CY, et al. Ischemic stroke and intracranial hemor-
rhage with aspirin, dabigatran, and warfarin: impact of quality of anticoagulation control. Stroke; a jour-
nal of cerebral circulation. 2015; 46(1):23–30. Epub 2014/11/20. doi: 10.1161/strokeaha.114.006476
PMID: 25406148.
16. HoMH, Ho CW, Cheung E, Chan PH, Hai JJ, Chan KH, et al. Continuation of dabigatran therapy in
"real-world" practice in Hong Kong. PloS one. 2014; 9(8):e101245. doi: 10.1371/journal.pone.0101245
PMID: 25084117; PubMed Central PMCID: PMC4118845.
17. Kannel WB, D'Agostino RB, Silbershatz H, Belanger AJ, Wilson PW, Levy D. Profile for estimating risk
of heart failure. Archives of internal medicine. 1999; 159(11):1197–204. Epub 1999/06/17. PMID:
10371227.
18. YueWS, Chong BH, Zhang XH, Liao SY, JimMH, Kung AW, et al. Hyperthyroidism-induced left ventric-
ular diastolic dysfunction: implication in hyperthyroidism-related heart failure. Clin Endocrinol (Oxf).
2011; 74(5):636–43. doi: 10.1111/j.1365-2265.2011.03981.x PMID: 21470287.
19. Siu CW, JimMH, Zhang X, Chan YH, Pong V, Kwok J, et al. Comparison of atrial fibrillation recurrence
rates after successful electrical cardioversion in patients with hyperthyroidism-induced versus non-
hyperthyroidism-induced persistent atrial fibrillation. The American journal of cardiology. 2009; 103
(4):540–3. doi: 10.1016/j.amjcard.2008.10.019 PMID: 19195517.
20. Siu CW, Pong V, Zhang X, Chan YH, Jim MH, Liu S, et al. Risk of ischemic stroke after new-onset atrial
fibrillation in patients with hyperthyroidism. Heart rhythm: the official journal of the Heart Rhythm Soci-
ety. 2009; 6(2):169–73. doi: 10.1016/j.hrthm.2008.10.023 PMID: 19187905.
21. Siu CW, Zhang XH, Yung C, Kung AW, Lau CP, Tse HF. Hemodynamic changes in hyperthyroidism-
related pulmonary hypertension: a prospective echocardiographic study. The Journal of clinical endo-
crinology and metabolism. 2007; 92(5):1736–42. doi: 10.1210/jc.2006-1877 PMID: 17327384.
22. Siu CW, Yeung CY, Lau CP, Kung AW, Tse HF. Incidence, clinical characteristics and outcome of
congestive heart failure as the initial presentation in patients with primary hyperthyroidism. Heart. 2007;
93(4):483–7. doi: 10.1136/hrt.2006.100628 PMID: 17005710; PubMed Central PMCID: PMC1861478.
23. Chan KH, Ka-Kit Leung G, Lau KK, Liu S, Lui WM, Lau CP, et al. Predictive value of the HAS-BLED
score for the risk of recurrent intracranial hemorrhage after first spontaneous intracranial hemorrhage.
World neurosurgery. 2014; 82(1–2):e219–23. doi: 10.1016/j.wneu.2013.02.070 PMID: 23500346.
24. Pong V, Chan KH, Chong BH, Lui WM, Leung GK, Tse HF, et al. Long-term outcome and prognostic
factors after spontaneous cerebellar hemorrhage. Cerebellum. 2012; 11(4):939–45. doi: 10.1007/
s12311-012-0371-9 PMID: 22392071.
25. Teo KC, Mahboobani NR, Lee R, Siu CW, Cheung RT, Ho SL, et al. Warfarin associated intracerebral
hemorrhage in Hong Kong Chinese. Neurological research. 2014; 36(2):143–9. doi: 10.1179/
1743132813Y.0000000275 PMID: 24172661.
26. Fihn SD, Blankenship JC, Alexander KP, Bittl JA, Byrne JG, Fletcher BJ, et al. 2014 ACC/AHA/AATS/
PCNA/SCAI/STS focused update of the guideline for the diagnosis and management of patients with
stable ischemic heart disease: a report of the American College of Cardiology/American Heart Associa-
tion Task Force on Practice Guidelines, and the American Association for Thoracic Surgery, Preventive
Cardiovascular Nurses Association, Society for Cardiovascular Angiography and Interventions, and
Society of Thoracic Surgeons. Circulation. 2014; 130(19):1749–67. doi: 10.1161/CIR.
0000000000000095 PMID: 25070666.
27. Mancini GB, Gosselin G, Chow B, KostukW, Stone J, Yvorchuk KJ, et al. Canadian Cardiovascular
Society guidelines for the diagnosis and management of stable ischemic heart disease. The Canadian
journal of cardiology. 2014; 30(8):837–49. doi: 10.1016/j.cjca.2014.05.013 PMID: 25064578.
28. O'Gara PT, Kushner FG, Ascheim DD, Casey DE Jr., Chung MK, de Lemos JA, et al. 2013 ACCF/AHA
guideline for the management of ST-elevation myocardial infarction: a report of the American College
of Cardiology Foundation/American Heart Association Task Force on Practice Guidelines. Circulation.
2013; 127(4):e362–425. doi: 10.1161/CIR.0b013e3182742cf6 PMID: 23247304.
29. Amsterdam EA, Wenger NK, Brindis RG, Casey DE Jr., Ganiats TG, Holmes DR Jr., et al. 2014 AHA/
ACCGuideline for the Management of Patients With Non-ST-Elevation Acute Coronary Syndromes: A
Report of the American College of Cardiology/American Heart Association Task Force on Practice
Guidelines. Circulation. 2014; 130(25):e344–426. doi: 10.1161/CIR.0000000000000134 PMID:
25249585.
Coronary Artery Disease in Atrial Fibrillation
PLOS ONE | DOI:10.1371/journal.pone.0131479 June 22, 2015 12 / 13
30. Schnabel RB, Sullivan LM, Levy D, Pencina MJ, Massaro JM, D'Agostino RB Sr., et al. Development of
a risk score for atrial fibrillation (Framingham Heart Study): a community-based cohort study. Lancet.
2009; 373(9665):739–45. doi: 10.1016/S0140-6736(09)60443-8 PMID: 19249635; PubMed Central
PMCID: PMC2764235.
31. Lam CC, Tse HF, Siu CW. Transient atrial fibrillation complicating acute myocardial infarction: a nui-
sance or a nemesis? Thrombosis and haemostasis. 2012; 107(1):6–7. doi: 10.1160/TH11-11-0807
PMID: 22159901.
32. Miyasaka Y, Barnes ME, Gersh BJ, Cha SS, Bailey KR, Seward JB, et al. Coronary ischemic events
after first atrial fibrillation: risk and survival. The American journal of medicine. 2007; 120(4):357–63.
doi: 10.1016/j.amjmed.2006.06.042 PMID: 17398231.
33. Anand SS, Yusuf S. Oral anticoagulant therapy in patients with coronary artery disease: a meta-analy-
sis. Jama. 1999; 282(21):2058–67. Epub 1999/12/11. PMID: 10591389.
34. van Es RF, Jonker JJ, Verheugt FW, Deckers JW, Grobbee DE. Aspirin and coumadin after acute coro-
nary syndromes (the ASPECT-2 study): a randomised controlled trial. Lancet. 2002; 360(9327):109–
13. Epub 2002/07/20. doi: 10.1016/s0140-6736(02)09409-6 PMID: 12126819.
35. Framework TMRCsGPR. Thrombosis prevention trial: randomised trial of low-intensity oral anticoagu-
lation with warfarin and low-dose aspirin in the primary prevention of ischaemic heart disease in men at
increased risk. Lancet. 1998; 351(9098):233–41. Epub 1998/02/11. PMID: 9457092.
36. Lip GY, Nieuwlaat R, Pisters R, Lane DA, Crijns HJ. Refining clinical risk stratification for predicting
stroke and thromboembolism in atrial fibrillation using a novel risk factor-based approach: the euro
heart survey on atrial fibrillation. Chest. 2010; 137(2):263–72. Epub 2009/09/19. doi: 10.1378/chest.09-
1584 PMID: 19762550.
37. Tsigkas G, Kopsida G, Xanthopoulou I, Davlouros P, Koutsogiannis N, Makris G, et al. Diagnostic accu-
racy of electrocardiographic ST-segment depression in patients with rapid atrial fibrillation for the pre-
diction of coronary artery disease. The Canadian journal of cardiology. 2014; 30(8):920–4. doi: 10.
1016/j.cjca.2014.03.023 PMID: 24951254.
Coronary Artery Disease in Atrial Fibrillation
PLOS ONE | DOI:10.1371/journal.pone.0131479 June 22, 2015 13 / 13
